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receiving the radio signals from the pieces of s< 
radio equipment 301a-301c via a plurality of 
antennas and demodulating the coded data by 
the training signals multiplexed on the received 
signals Each of the pieces of radio equipment 
transmits a control signal for deciding the necessity 
of relay and controlling the operation of the relay. ; 
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(57) Abstract: A frequency translating repeater (200) for use in a time division duplex radio protocol communications system in- 



"' eludes an automatic gain control feature. .Specifically, a received signal (330) is split to provide signal detection paths (331, 332) 
Q wherein detection is performed by amplifiers (301, 302) filters (311, 312), converters (313, 314) and a processor (315). Delay is 
added using analog circuits such as SAW filters (307, 308, 309, 310) and gain adjustment provided by gain control elements (303, 
^ 304, 305, 306). 
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WIRELESS LOCAL AREA NETWORK REPEATER WITH AUTOMATIC GAIN 
CONTROL FOR EXTENDING NETWORK COVERAGE 



CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This application is related to and claims priority from pending U.S. 
Provisional Application Number 60/418,288 filed October 15, 2002, and is further 
related to PCT Application PCT/US03/16208 entitled WIRELESS LOCAL AREA 
NETWORK REPEATER, the contents of which are incorporated herein by reference. 



BACKGROUND OF THE INVENTION 
[0002] The present invention relates generally to wireless local area networks 
(WLANs) and, p articularly, the present invention relates to extending the coverage 
area associated with a WLAN repeater using Automatic Gain Control (AGC). 

[0003] Several standard protocols for wireless local area networks, commonly 
referred to as WLANs, are becoming popular. These include protocols such as 802.11 
(as set forth in the 802.1 1 wireless standards), home RF, and Bluetooth. The standard 
wireless protocol with the most commercial success to date is the 802.11b protocol 
although next generation protocols, such as 802.1 lg, are also gaining popularity. 

[0004] While the specifications of products utilizing the above standard wireless 
protocols commonly indicate data rates on the order of, for example, 11 MBPS and 
ranges on the order of, for example, 100 meters, these performance levels are rarely, if 
ever, realized. Performance shortcomings between actual and specified performance 
levels have many causes including attenuation of the radiation paths of RF signals, 
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which for 802. 1 lb are in the range of 2.4 GHz in an operating environment such as an 
indoor environment. Access point to client ranges are generally less than the 
coverage range required in a typical home, and may be as little as 10 to 15 meters. 
Further, in structures having split floor plans, such as ranch style or two story homes, 
or those constructed of materials capable of attenuating RF signals, areas in which 
wireless coverage is needed may be physically separated by distances outside of the 
range of, for example, an 802.11 protocol based system. Attenuation problems may 
be exacerbated in the presence of interference in the operating band, such as 
interference from other 2.4GHz devices or wideband interference with in-band 
energy. Still further, data rates of devices operating using the above standard wireless 
protocols are dependent on signal strength. As distances in the area of coverage 
increase, wireless system performance typically decreases. Lastly, the structure of 
the protocols themselves may affect the operational range. 

[0005] Repeaters are commonly used in the mobile wireless industry to increase the 
range of wireless systems. However, problems and complications arise in that system 
receivers and transmitters may operate at the same frequency in a WLAN utilizing, 
for example, 802.11 WLAN or 802.16 WMAN wireless protocols. In such systems, 
when multiple transmitters operate simultaneously, as would be the case in repeater 
operation, difficulties a rise . T ypical W LAN p rotocols p rovide nod efined r eceive 
and transmit periods and, thus, because random packets from each wireless network 
node are spontaneously generated and transmitted and are not temporally predictable, 
packet collisions may occur. Some remedies exist to address such difficulties, such 
as, for example, collision avoidance and random back-off protocols, which are used to 
avoid two or more nodes transmitting packets at the same time. Under 802.11 



2 



WO 2004/036789 PCT/US2003/029130 
standard protocol, for example, a distributed coordination function (DCF) may be 
used for collision avoidance. 



[0006] Such operation is significantly different than the operation of many other 
cellular repeater systems, such as those systems based on IS-136, IS-95 or IS-2000 
standards, where the receive and transmit bands are separated by a deplexing 
frequency offset. Frequency division duplexing (FDD) operation simplifies repeater 
operation since conflicts associated witii repeater operation, such as those arising in 
situations where the receiver and transmitter channels are on the same frequency for 
both the uplink and the downlink, are not present. 

[0007] Other cellular mobile systems separate receive and transmit channels by 
time rather than by frequency and further utilize scheduled times for specific 
uplink/downlink transmissions. Such operation is commonly referred to as time 
division duplexing (TDD). Repeaters for these systems are more easily built, as the 
transmission and reception times are well known and are broadcast by a base station. 
Receivers and transmitters for these systems may be isolated by any number of means 
including physical separation, antenna p atterns, or polarization isolation. E ven for 
these systems, the cost and complexity of a repeater may be greatly reduced by not 
offering the known timing information that is broadcast, thus allowing for 
economically feasible repeaters. 

[0008] Thus, WLAN repeaters operating on the same frequencies have unique 
constraints due to the above spontaneous transmission capabilities and therefore 
require a unique solution. Since these repeaters use the same frequency for receive 
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and transmit channels, some form of isolation must exist between the receive and 
transmit channels of the repeater. While some related systems such as, for example, 
CDMA systems used in wireless telephony, achieve channel isolation using 
sophisticated techniques such as directional antennas, physical separation of the 
receive and transmit antennas, or the like, such techniques are not practical for 
WLAN repeaters in many operating environments such as in the home where 
complicated hardware or lengthy cabling is not desirable or maybe too costly. 



[0009] One system, described in International Application No. PCT/US03/16208 
and commonly owned by the assignee of the present application, resolves many of the 
above identified problems by providing a repeater which isolates receive and transmit 
channels using a frequency detection and translation method. The WLAN repeater 
described therein allows two WLAN units to communicate by translating packets 
associated with one device at a first frequency channel to a second frequency channel 
used by a second device. The direction associated with the translation or conversion, 
such as from the frequency associated with the first channel to the frequency 
associated with the second channel, or from the second channel to the first channel, 
depends upon a real time configuration of the repeater and the WLAN environment. 
The WLAN repeater may be configured to monitor both channels for transmissions 
and, when a transmission is detected, translate the received signal at the first 
frequency to the other channel, where it is transmitted at the second frequency. 

[0010] The above described approach solves both the isolation issue and the 
spontaneous transmission problems as described above by monitoring and translating 
in response to packet transmissions and may further be implemented in a small 
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inexpensive unit. However, a WLAN repeater, in order to be legally compliant, must 
transmit within the power and spectrum limitations promulgated by, for example, the 
FCC. Difficulties arise however in that a received signal may have a widely varying 
power level requiring precise compensation for factors contributing to disruptions and 
failed or suboptimal signal retransmission caused by interference and the like. 
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SUMMARY OF THE INVENTION 
[001 1] Accordingly, in various exemplary and alternative exemplary embodiments, 
the present invention extends the coverage area in a wireless environment such as a 
WLAN environment, and, broadly speaking, in any time division duplex system 
including IEEE 802.16, IEEE 802.20 and TDS-CDMA, with a unique frequency 
detection and translation method. An exemplary WLAN frequency translating 
repeater allows two WLAN nodes or units to communicate by translating packets 
from a first frequency channel used by one device to a second frequency channel used 
by a second device. The direction of the conversion from channel 1 to channel 2, 
verses from channel 2 to Channel 1, is dependent upon real time configuration. The 
repeater may preferably monitor both channels for transmissions, and when a 
transmission on a channel is detected, the repeater is configured to translate the 
received signal to the other channel, where it is transmitted. 

[0012] In a preferred embodiment, the signal received is detected on a first signal 
path and gain is applied on a second signal path. Further, the gain signal path 
preferably includes delay circuits to permit signal detection and gain setting to occur 
before the signal must be retransmitted. The gain is set based upon the detected 
receive power level to achieve a target transmit power level that is constant 
independent of the receive power level. However, the target power may be first 
determined or adjusted based upon criteria that includes one or more of the following: 
separation between receive and transmit frequencies, regulatory rule compliance, 
temperature, received power level, transmit power level and detected interference. A 
microprocessor with software, including calibration tables, is appropriate for 
performing the calculation of an appropriate gain set point, which fixes the target 
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output power. The details of this invention are described in detail in the figure 
descriptions that follow. 



[0013] The preferred approach solves both the isolation issue, allowing a small 
inexpensive unit, and it solves the spontaneous transmission problem as it monitors 
and responds in reaction to the transmissions, with a constant output power at the 
transmitter. This output power may be different depending on the configuration of the 
repeater as determined by the microprocessor. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] FIG. 1 is a diagram illustrating a WLAN including an exemplary repeater 
having automatic gain control in accordance with various exemplary embodiments. 
[0015] FIG. 2 is a schematic drawing illustrating an exemplary gain control 
interface unit of Figure 1. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0016] Referring now to FIG. 1, a wide area connection 101, which could be, for 
example, an Ethernet connection, a Tl line, a wideband wireless connection or any 
other electrical connection providing a data communications path, may be connected 
to a wireless gateway, or access point (AP) 100. The wireless gateway 100 sends RF 
signals, such as IEEE 802.11 packets or signals based upon Bluetooth, Hyperlan, or 
other wireless communication protocols, to client units 104, 105, which may be 
personal computers, personal digital assistants, or any other devices capable of 
communicating with other like devices through one of the above mentioned wireless 
protocols. Respective propagation, or RF, paths to each of the client units 104, 105 
are shown as 102, 103. 

[0017] While the signal carried over RF path 102 is of sufficient strength to 
maintain high-speed data packet communications between the client unit 104 and the 
wireless gateway 100, the signals carried over the RF path 103 and intended for the 
client unit 105 would be attenuated when passing through a structural barrier such as 
walls 106 or 107 to a point where few, if any, data packets are received in either 
direction if not for a wireless repeater 200, the structure and operation of which will 
now be described. 

[0018] To enhance the coverage and/or communication data rate to the client unit 
105, wireless repeater 200 receives packets transmitted on a first frequency channel 
201 from the wireless gateway 100. The wireless repeater 200, which may be housed 
in an enclosure typically having dimensions of, for example, 2.5"x3.5"x.5", and 
which preferably is capable of being plugged into a standard electrical outlet and 
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operating on 1 10 V AC power, detects the presence of a packet on the first frequency 
channel 201, receives the packet and re-transmits the packet with more power on a 
second frequency channel 202. Unlike conventional WLAN operating protocols, the 
client unit 105 operates on the second frequency channel, even though the wireless 
gateway 100 operates on the first frequency channel. To perform the return packet 
operation, the wireless repeater 200 detects the presence of a transmitted packet on the 
second frequency channel 202 from the clientunit 105, receives the packet on the 
second frequency channel 202, and re-transmits the packet on the first frequency 
channel 201. The wireless gateway 100 then receives the packet on the first 
frequency channel 201. In this way, the wireless repeater 200 is capable of 
simultaneously receiving and transmitting signals as well as extending the coverage 
and performance of the wireless gateway 100 to the client unit 105. 

[0019] To address the difficulties posed by obstructions as described above and 
attendant attenuation of the signal strength along obstructed paths and thus to enhance 
the coverage and/or communication data rate to client unit 105, exemplary wireless 
repeater 200, as shown in FIG. 1, may be used to retransmit packets beyond a range 
limited by propagation path constraints through, for example, frequency translation. 
Packets transmitted on a first frequency channel 201 from AP 1 00 are received at 
repeater 200 and re-transmitted, preferably with a greater power level, on a second 
frequency channel 202. Client unit 105 preferably operates on second frequency 
channel 202 as if AP 100 were also operating on it, such as with no knowledge that 
AP 1 00 is really operating on first frequency channel 201 such that the frequency 
translation is transparent. To perform return packet operations, repeater unit 200 
detects the presence of a transmitted return packet on second frequency channel 202 
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from client unit 1 05, and is preferably configured to receive the packet on second 
frequency channel 202, and to retransmit the data packet to, for example AP 100, on 
first frequency channel 201. 

[0020] Wireless repeater 200 is preferably capable of receiving two different 
frequencies simultaneously, such as first frequency channel 201 and second frequency 
channel 202 determining which channel is carrying a signal associated with, for 
example, the transmission of a packet, translating from the original frequency channel 
to an alternative frequency channel and retransmitting the frequency translated 
version of the received signal on the alternative channel. Details of internal repeater 
operation may be found in co-pending PCT Application No. PCT/US03/ 16208. 

[0021] Repeater 200 may thus receive and transmit packets at the same time on 
different frequency channels thereby extending the coverage and performance of the 
connection between AP 100 and client unit 105, and between peer-to-peer 
connections such as from one client unit to another client unit. When many units are 
isolated from one another, repeater unit 200 further acts as a wireless bridge allowing 
two different groups o f units to c ommunicate where optimum RF propagation and 
coverage or, in many cases, any RF propagation and coverage was not previously 
possible. 

[0022] In accordance with various exemplary embodiments, repeater 200 is 
preferably configured to receive a signal and translate the frequency of the received 
signal with very little distortion or loss of the signal by properly controlling the gain 
of an exemplary transceiver section via Automatic Gain Control (AGC) circuitry 300 
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shown, for example, in FIG. 2. In a preferred embodiment, wireless repeater 200 
shown is capable of receiving two different frequencies simultaneously, determining 
which one is present, translating the frequency of the one that is present to the other 
frequency and retransmitting a frequency translated version of the received signal. 

[0023] In accordance with one preferred exemplary embodiment, AGC circuitry 
300 utilizes RF delay and filter elements 307-310 to allow analog storage of an 
exemplary received waveform while signal detection and transmitter configuration 
takes place. It should be noted that signal detection may occur both prior to and 
during transit of signals in RF delay elements 307-310 providing time to perform 
system configuration. It should be noted that a detector power level is preferably used 
to set a gain value on a parallel signal path as part of the gain control operation. 

[0024] Repeater AGC circuitry 300 further includes logarithmic amplifier 301 and 
302, AGC control circuit 303 and 304, gain control element 305 and 306, which may 
preferably include variable gain or variable attenuator elements, and RF delay element 
307-310 which may preferably include analog storage devices such as, for example, 
delay lines and/or band pass filters. Low pass filter 3 1 1 and 3 12, and analog to digital 
converter (ADC) 313 and 3 14 are further preferably used to accomplish gain control 
under the direction and control of, for example, microprocessor 315. 



[0025] Since repeater 200, in accordance with various exemplary embodiments, is 
configured to simultaneously detect and process two different frequency signals, 
received signal 330 is split and propagated on two different RF paths, for example, 
using RF splitter 316. Likewise, because the two different frequency paths must be 
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delayed and controlled separately, each signal path is further split by, for example, IF 
Splitters 317 and 318. One of the split signal outputs from IF Splitter 317 is 
preferably coupled to logarithmic amplifiers 301 and the other split signal output is 
preferably c oupled t o gain c ontrol elements 3 05. Likewise, o ne o f the split s ignal 
outputs from IF Splitter 318 is preferably coupled to logarithmic amplifiers 302 and 
the other split signal output is preferably coupled to gain control elements 306. The 
output of logarithmic amplifiers 301 is fed to AGC control circuit 303 and low pass 
filter 311. Likewise, the output of logarithmic amplifiers 302 is fed to AGC control 
circuit 304 and low pass filter 312. It should be noted that while logarithmic 
amplifiers 301 and 302 preferably provide an output voltage proportional to the 
logarithm of the power of received signal 330, tracking the envelope thereof, other 
devices known to those of ordinary skill in the art may also be used to track the 
envelope or samples of the envelope directly or proportionately. 

[0026] The basic operation of components along the detection path of received 
signal 330 such as, for example, low pass filters 311 and 312, analog-to-digital 
converters (ADC) 313 and 314, and processor 315 for example, would be readily 
apparent to those of ordinary skill in the art and thus a detailed review of the basic 
operation thereof is omitted, such operation is disclosed in detail in commonly 
assigned co-pending PCT Patent Application No. PCT/US03/16208. However it 
should be briefly noted that processor 315 preferably detects the presence of an IF 
signal on detection paths DET1 331 and DET2 332. As described in the above 
identified co-pending application, signal detection may be based on the signal level 
exceeding a threshold using, for example, analog or digital signal comparison 
implements in processor 315, or could be performed by other means well known to 
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those of ordinary skill in the art. Once the signal is detected, gain control is applied to 
the signal using for example, AGC control circuits 303 and 304 on IF path IF1 333 or 
IF2 334 respectively, depending on the channel. 

[0027] "With reference still to FIG. 2 of the drawings, gain control is applied to 
signals on IF paths EF1 333 and IF2 334 using AGC c ontrol c ircuits 303 and 304 
which circuits provide, inter alia, filtering of the analog voltage at the output of, for 
example, logarithmic amplifiers 301 and 302, any DC offset adjustment which may be 
necessary, AGC set point reference and control, level shifting/scaling, any required 
polarity reversal, and the like as would be appreciated by one of ordinary skill in the 
art. The output of AGC control circuits 303 and 304 are fed to gain control elements 
305 and 306 which may provide either adjustable gain or adjustable attenuation o f 
received signal 330 based on a value associated with, for example, the desired 
transmitter output power. It should be noted that AGC control circuits 303 and 304 
may be one of a variety of gain control circuits, devices, or the like, as would be well 
known to those of ordinary skill in the art. 

[0028] As an example of gain control in accordance with various exemplary 
embodiments, a variable attenuator could be used for gain control element 305 under 
the following conditions: desired output power +15dBm, received signal power - 
80dBm, total transceiver losses 65dB, total transceiver gains 165dB. 

[0029] Under these conditions, a variable attenuator associated with, for example, 
gain control element 305, should be set according to the relation: Rx Signal Power - 
Desired Output Power + Total Gains - Total Losses, thus the attenuation would be - 
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80dBm - 15dBm +165dB - 65dB resulting in 5dB of attenuation. It will be 
appreciated that a voltage may be calculated and applied to the gain control element 
305, for example, by AGC control circuit 303 resulting in the desired 5dB attenuation 
setting. It should also be noted that while ACG control circuit 303 and gain control 
element 305 are described herein, the above description applies to the operation of 
AGC control circuit 304 and gain control element 306. 



[0030] Thus receive signal 330 in order to be retransmitted in accordance with 
various exemplary embodiments, and in accordance with the present example, is 
preferably o utput from gain c onrrol e lenient 3 0 5 a nd d elayed via S urface A coustic 
Wave (SAW) filters 308 and 310. It will be appreciated that the delay introduced by 
SAW filters 308 and 310 acts to essentially store the analog waveform while AGC 
and signal detection processes, for example as described above, are carried out, 
meaning that detection and gain control setting are preferably completed during the 
propagation interval of the signal. 

[0031] In accordance with various exemplary and preferred exemplary 
embodiments, RF delays are imposed through SAW filters 307-310 enabling analog 
signal storage and channel selection, jammer suppression, and a feed-forward variable 
gain control path. AGC control circuits 303 and 304 and gain control elements 305 
and 306 may be biased or otherwise set under control of for example processor 315, 
which is preferably a micro-processor, such as a general purpose processor, dedicated 
processor, signal processing processor, or the like as would be understood by one of 
ordinary skill in the art. Further, set points may be obtained by processor 315 from a 
look up table or the like depending on which channel received signal 330 is received 



15 



WO 2004/036789 PCT/US2003/029130 
on and which channel is selected for signal retransmission. It should be noted that 
different bands have different transmit power limitations in different countries, thus 
the selection of gain set points may be driven by several factors resulting from the 
need to meet FCC requirements and related specifications for the desired band such as 
spectral re-growth and Effective Isotropic Radiated Power (EIRP) . 



[0032] After detection and setting of the gain control, IF Switch 3 19 and LO Switch 
320 are preferably set to retransmit received signal 330 at a different frequency 
without significantly cutting off the waveform preamble. It is important to note that 
detection and power sensing, for example, as described above, is preferably 
performed on detector paths DET1 331 and DET2 332, but actual gain control may be 
applied the on IF paths IF1 333and IF2 334. More specifically referring again to FIG. 
2, outputs from the logarithmic amplifiers 301 and 302 are fed to AGC control 
circuits 303 and 304 which circuits are making adjustments either as variable gain or 
attenuation with regard to gain control elements 305 and 306. 

[0033] One factor in determining a sequence of signal detection and gain control is 
the effect caused by splitting the output voltage from logarithmic amplifiers 301 and 
302 into a signal detection path and a gain control path, each having potentially two 
different filter bandwidths. As can be noted from FIG. 2, the gain control path is the 
path to AGC control circuits 303 and 304, while the signal detection path is the path 
leading to low pass filters 311 and 312, as previously described. Thus, if desired, the 
AGC control values and the signal detection filter bandwidth could be set differently. 
For example, the AGC control loop could be set to react very quickly to the incoming 
power envelop while signal detection, as carried out, for example, in ADC 313 and 
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314 and processor 315, could be configured to react more slowly. As a result, 
received signal 330 propagating in gain control elements 305 and 306 can be tracked 
very accurately while the portion of received signal 330 propagating in ADC 313 and 
3 1 4 and processor 3 1 5 may track more slowly, but with more detection process gain. 



[0034] It should be noted that in accordance with various exemplary and preferred 
exemplary embodiments, two separate detectors are used for performing detection of 
the presence of received signal 330 and for detection of 1he power level thereof in 
order to set gain. Thus, since signal detection may occur more slowly than AGC as 
described, different signal detection and AGC filter bandwidths may be used 
beneficially, allowing variable control elements associated with AGC such as gain 
control elements 305 and 306 to have a faster or slower response than the output of 
filters 311 and 312. 



[0035] Another factor in controlling gain is the relative distance between the receive 
and transmit channels. Specifically, depending on the distance therebetween, the 
target output power or set point from the gain control elements 305 and 306 can be 
different to the extent that additional performance may be gained when the receive 
and transmit channels are further apart in frequency. Gain values may be increased in 
gain control elements 305 and 306 while continuing to meet performance 
requirements. Further, AGC control circuits 303 and 304 may be programmed to 
increase power based on the frequency difference or, alternatively, processor 315 may 
be programmed to control AGC control circuits 303 and 304 based on frequency 
separation. Adjusting set points based on frequency separation may further include 
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applying more filtering to any leakage signals picked up by a receiver to avoid self 
interference. 



[0036] A factor affecting the choice of which channels to operate on during initial 
repeater power up maybe influenced by choosing repeating channels based on the 
ability to transmit more power in different FCC bands or bands controlled by other 
regulatory bodies. For example, in the U-NII bands for operation in the United States, 
the maximum allowable transmit power for CH36-48 is 50mW, for CH52-64 is 
250m W, and for CH149 - 161 is 1W. Therefore it is possible to receive a signal in on 
a channel associated with one of the lower power bands and choose a channel on a 
different b and allowing higher transmit power, thereby allowing a higher AGC set 
point. Thus the set points for a translation, say from Fl to F2 and F2 to Fl would be 
different. The decision of which channels to select is preferably pre-programmed 
during manufacturing, or, alternatively could be programmed in the field, in, for 
example, AGC control circuits 303 and 304 or processor 315. 

[0037] In accordance with other aspects of the present invention, gain control may 
require AGC calibration during initial manufacturing. Calibration may be desirable to 
allow the use of lower tolerance p arts thus reducing cost. Calibration may further 
provide for accuracy required for regional or band specific power settings. 
Accordingly, calibration may include setting up circuits and devices in accordance 
with one or more of the following; regional regulatory rules, frequency channel, 
received power level, transmit power level, temperature, and the like. In accordance 
with various exemplary and preferred exemplary embodiments, repeater 200 using, 
for example, processor 315, may store calibration tables and the like and be 
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configured, for example through the use of software, programs, instructions or the 
like, to pass specific calibration values to AGC control circuits 305 and 306. 
Processor 315 would preferably utilize a digital to analog conversion process to 
control the set point. 



[0038] As mentioned above, different detector outputs may be used for AGC and 
signal detection, 'signal detection may be performed in an analog only configuration 
using, for example, a threshold comparator under the control of processor 315 which 
may be configured to actively control, for example, an analog reference voltage a 
threshold comparator uses to make the detection decision. Alternatively, received 
signal 330 may be digitized and a detection decision made, for example, in processor 
315. Once concern related to using a digital path and processor 315 includes delay 
associated with, for example, digital sampling and decision making instructions in a 
processor 315. 



[0039] In accordance with various alternative exemplary embodiments an analog 
comparator (not shown) having a threshold controlled by processor 315 may be used. 
Such a configuration could be equipped with a digital override to allow for a fast 
initial decision, converging to a slower more accurate and controllable decision using 
software, programs, instructions, and the like readable and executable by processor 
315. For example, if an interferer is detected, and processor 315 recognizes that the 
packet duration is longer than the wireless protocol will allow, AGC control circuits 
303 and 304 and/or detector could be turned off by processor 315 to prevent signal 
transmission. Thus the normal AGC setting may be directly controlled and 
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overridden. Such control is further useful in situations including when a system feed- 
back oscillation is detected. 



[0040] One of ordinary skill in the art will recognize that various techniques can be 
utilized to determine AGC set points as well as different signal detector 
configurations in the present invention. Additionally, various components, such as 
the gain control elements 305 and 306, AGC gain control 303 and 304, functionality 
of processor 315 and other elements could be combined into a single integrated 
device. Other changes and alterations to specific components, and the 
interconnections thereof, can be made by one of ordinary skill in the art without 
deviating from the scope and spirit of the present invention. 

[0041] The invention has been described in detail with particular references to 
presently preferred embodiments thereof, but it will be understood that variations and 
modifications can be effected within the spirit and scope of the invention. 
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1. A frequency translating repeater for use in a time division duplexing (TDD) 
radio protocol system, the frequency translating repeater comprising: 

a detector circuit configured to detect if a signal is present on one of two 
frequency channels associated with the frequency translating repeater; 

a frequency translator configured to change a frequency channel associated 
with the signal from the one of the two frequency channels to an other of the two 
frequency channels; and 

a delay circuit c onfigured to add a delay to the signal to compensate for a 
signal detection interval and a transmitter configuration interval. 

2. The frequency translating repeater according to claim 1, wherein the delay 
circuit includes an analog storage device. 

3. The frequency translating repeater according to claim 1, wherein the delay 
circuit includes at least one surface acoustic wave filter configured for one or more of: 
analog signal storage and channel selection. 

4. The frequency translating repeater according to claim 1, wherein the detector 
circuit includes a processor. 

5. The frequency translating repeater according to claim 4, wherein the detector 
circuit further includes an analog detection circuit. 
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6. The frequency translating repeater according to claim 1, further comprising a 
gain control circuit having one of a gain value and an attenuation value associated 
therewith. 

7 . The frequency translating repeater according to claim 6, wherein: 

the detector is further for detecting a received signal strength of the signal, and 
the gain control circuit is further for using the received signal strength of the 
signal to adjust a gain value of the signal. 

8. The frequency translating repeater according to claim 7, wherein the gain 
control circuit is further for controlling at least one of the gain value and the 
attenuation value based on a predetermined criteria to achieve a specific signal 
transmit output power. 

9. The frequency translating repeater according to claim 8, wherein the 
predetermined criteria is for modifying the specific signal transmit output power and 
includes at least one of the following: frequency separation between a receive 
frequency and a transmit frequency, a regulatory rule, a temperature, a received power 
level, a transmit power level, and a detected interference level. 

10. The frequency translating repeater according to claim 8, wherein the processor 
further includes a memory and wherein the predetermined criteria are stored in the 
memory. 
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11. A frequency translating repeater for use in a time division duplexing (TDD) 
radio protocol system, the frequency translating repeater comprising: 

a detector circuit configured to detect if a signal is present on one of two 
frequency channels associated with the frequency translating repeater and to detect a 
received detected signal power of the signal; 

a frequency translator configured to change a frequency channel associated 
with the signal from the one of the two frequency channels to an other of the two 
frequency channels ; 

a delay circuit c onfigured to add a delay to the signal to compensate for a 
signal detection interval and a transmitter configuration interval; and 

' a gain control circuit configured to adjust a gain value of the signal at least in 
part based on the received detected signal power detected by the detector circuit. 

12. The frequency translating repeater according to claim 11, wherein the gain 
control circuit is further configured to adjust the gain value based at least in part on 
criteria including which of the one of the two frequency channels the signal is 
received on, and which of the other of the two frequency channels is changed to. 

13. The frequency translating repeater according to claim 12, wherein the criteria 
further includes at least one of a regulatory rule for transmission, an operating 
temperature, and frequency separation between receive and transmit frequencies. 

14. The frequency translating repeater according to claim 11, wherein the criteria 
further includes a distance between a receive frequency and a transmit frequency, and 
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wherein the automatic gain control circuit is further configured to apply more filtering 
to the signal based on the distance. 



15. A frequency translating repeater for use in a time division duplexing (TDD) 
radio protocol system, the frequency translating repeater comprising: 

a detector circuit configured to detect if a signal is present on one of two 
frequency channels associated with the frequency translating repeater; 

a frequency converter configured to convert the signal from a radio frequency 
(RF) signal to an intermediate frequency (IF) signal; 

a frequency translator configured to change a frequency channel associated 
with the IF signal from the one of the two frequency channels to an other of the two 
frequency channels; 

a delay circuit configured to add a delay to the IF signal to compensate for a 
signal detection interval and a transmitter configuration interval; and 

a gain control circuit configured to adjust a gain value of the IF signal. 

16. The frequency translating repeater according to claim 15, wherein the gain 
control circuit is further configured to adjust the gain value of the IF signal at least in 
part based on a received detected signal power detected by the detector circuit. 

17. The frequency translating repeater according to claim 15, wherein the detector 
circuit and the gain control circuit are located respectively o n a first and a second 
signal path. 
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18. The frequency translating repeater according to claim 17, wherein the detector 
circuit includes a logarithmic amplifier and wherein the output of the logarithmic 
amplifier is coupled to the gain control circuit for control thereof. 

19. The frequency translating repeater according to claim 1 8, wherein the detector 
circuit and the automatic gain control circuit each have different bandwidths. 

20. The frequency translating repeater according to claim 19, wherein the 
automatic gain control circuit includes a processor and a memory storing a 
predetermined criteria and wherein the processor is configured to use the 
predetermined criteria to establish an offset gain value of the IF signal, resulting at 
least in part in a transmitter target output power independent of the detected receive 
power of the signal as detected by the detector circuit. 

21 . The frequency translating repeater according to claim 20, wherein processor is 
further configured to: 

convert the output of the logarithmic amplifier to a digital signal; and 
establish the gain value of the IF signal using the digital signal. 

22. A method for frequency translation in a frequency translating repeater for use 
in a time division duplexing (TDD) radio protocol system, the method comprising: 

a detecting if a signal is present on one of two frequency channels associated 
with the frequency translating repeater; 

changing a frequency channel associated with the signal from the one of the 
two frequency channels to an other of the two frequency channels; and 
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adding a delay to the signal to equivalent to a signal detection interval and a 
transmitter configuration interval. 



23. The method according to claim 22, wherein the adding the delay includes 
delaying the signal in an analog storage device. 

24. The method according to claim 22, wherein the adding the delay includes at 
delaying the signal in at least one surface acoustic wave filter configured for one or 
more of: analog signal storage and channel selection. 

25. The method according to claim 24, wherein the detecting includes detecting in 
an analog detection circuit. 

26. The method according to claim 21, further comprising setting a gain 
associated with the signal. 

27. The method according to claim 26, wherein the setting the gain further 
includes setting the gain in part based on a predetermined criteria. 

28. The method according to claim 27, wherein the predetermined criteria 
includes at least one of the following: a distance between a receive frequency and a 
transmit frequency, a regulatory rule, a temperature, a received power level, a transmit 
power level, and a detected interference level. 
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29. The method according to claim 28, further comprising storing the 
predetermined criteria in a memory. 



30. A method for frequency translation in a frequency translating repeater for use 
in a time division duplexing (TDD) radio protocol system, the method comprising: 

detecting if a signal is present on one of two frequency channels associated 
with the frequency translating repeater; 

changing a frequency channel associated with the signal from the one of the 
two frequency channels to an other of the two frequency channels; 

adding a delay to the signal to compensate for a signal detection interval and a 
transmitter configuration interval; and 

adjusting a gain value of the signal in part based on a detected receive power 
level of the signal. 

31. The method according to claim 30, wherein the adjusting the gain value is 
based on a criteria including which of the one of the two frequency channels the 
signal is received on, and which of the other of the two frequency channels is changed 
to. 

32. The method according to claim 30, wherein the criteria further includes a 
regulatory rule for transmission. 

33. The method according to claim 31, wherein the criteria further includes 
frequency separation between a receive frequency and a transmit frequency. 
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34. A method for frequency translation in a frequency translating repeater for use 
in a time division duplexing (TDD) radio protocol system, the method comprising: 

detecting if a signal is present on one of two frequency channels associated 
with the frequency translating repeater and, if so, a receive power level of the signal; 

converting the signal from a radio frequency (RF) signal to an intennediate 
frequency (IF) signal; 

changing a frequency channel associated with the IF signal from the one of the 
two frequency channels to an other of the two frequency channels; 

adding a delay to the IF signal to compensate for a signal detection interval 
and a transmitter configuration interval; and 

adjusting a gain value of the IF signal based at least in part on the detected 
receive power level of the signal. 

35. The method according to claim 34, wherein the detecting and the adjusting are 
performed respectively on a first and a second signal path. 

36. The method according to claim 35, wherein the detecting further includes 
generating a logarithmic signal from the signal and using the logarithmic signal for 
the adjusting. 

37. The method according to claim 36, wherein the adjusting further includes 
using a predetermined criteria the adjusting the gain value of the IF signal. 
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38. The method according to claim 19, wherein the generating further includes 
converting the logarithmic signal to a digital signal; and wherein the adjusting further 
adjusting the gain value of the IF signal using the digital signal. 

39. A frequency translating repeater for use in a time division duplexing 
communication system, the frequency translating repeater comprising: 

at least two receivers capable of receiving transmissions on at least first and 
second frequency channels; 

at least one transmitter capable of transmitting on the first frequency channel; 

at least one transmitter capable of transmitting on the second frequency 
channel; 

a detector circuit configured to detect if a signal is present on one of two 
frequency channels associated with the frequency translating repeater and for 
detecting a receive power level of the signal; 

a frequency translator configured to change a frequency channel associated 
with the signal from an initial one of the first and second frequency channels to a 
subsequent one of the first and second frequency channels; 

a microprocessor capable of configuring the first and second frequency 
channels based on pre-determined parameters stored therein, wherein 

configuration of a specific frequency for at least one of the first and second 
frequency channels is based on the pre-determined parameters, and 

the pre-determined parameters include at least one of the following: regulatory 
transmitter power limitations, regulatory out-of-band emissions limitations, and 
frequency separation between the first and second frequency channels. 
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x3 = h31 si + h32 s2 + h33 s3 + v3 - (6) 

vj^'uasitit mtryTi-2 o 1 a^es 

fi7>r^2 0 2 a<-s©ggg£jiff7>r^2 0 1 
6S#7>-f-^2 0 2 a'sOg|8*saft4?ti&. £8U$ 
fT?'J©g*hll£hl2BSftSfiI££So — MMl/fS 
aWBS*CBs jiff7>r^2 0 1 a • jiff7>:r^2 0 

1 b H<D^Bi&Cjt^T\ MT>ft2 0 1 a • gft7 30 
>f 2 0 2 a|f&£Jfjifi7>r^2 0 1b- Sff7> 
ft2 0 2 aTOtmAtU©t?, Sff7>r^ 

2 0 2 aK^0'rjlff7>r^2 0 1 a£,i{f7>r^ 
2 0 1 bB^gffifcm^Sfci?). £«iEStf^*hllih 
12BfKfcffi£ft5. |HlS^fflEijKJ;D, hll£hl3-hll 
£ h2HWHfctt£ ft 9 . 5$ ( 4 ) (5) (6) *> 6 jiff 
ff-^sl,s2,s3€r^SI'rS©^ilIl^ftS„ 

[0 0 0 8 ] ±i£©ffifiKJ;»). MIMO^BHiiL 

AUl^il^S. -73, mffiLfi»^iStcfc^r*>. a 40 
[0 0 0 9] *fS0J?B, £©J;5ftfffi©TKft;*ftfc 

tor. m i Mommtticts^~cMML&mmvi> 

[0010] 

»fc, M I MOaff77"S^ftt>i3jiff r~ 

* * fflifc© 7 > f - * K £E jiff f S jiff SB * *> -3 



rsd 0 ±Msm r - * t s wit s sft sb* «> -omm 

ms=ki> -oHm&tiy * t~ Afctst vr , ±tBjifi§G£ 
~?«8S £±iB5?fi3!£ fc^ftH^BOBICc. 1E§<© 

«M£iBgu ±fE2^©«sg©^-rn^^, ± 

£. ^©flWCcS^'t, _biEcf MMtDSESfrMffli^tT ^ M 

[0011] *^©»S U>llM^TB,±tB<ta|£ 
SgBSSbaff fcfcW SSt^SSoJ: 5 ftSftJfR^'S 
if If T* So 

[0012] Sfc,±IB««^SB. -73©SiSS 
S#flW©iJ2ft6BilSg#> 6£«tjiff 5 tiS^-Y n 

t*#©«B©&m». ±ia^a? Hf^©SffH^X 

<D±mm%micm%iL. ±mjuu-, Hf^gffs^ 

ft 1 tcm£. wmic J: S tf«off±B*oft(I8Pft#* 
±IBfW©±fB^ggKaa-rSfe©, -7j©«S 
g#sffi7j©±fEft^gg#> ^SSIWKSMSns^V a 

f^g^^ft-rs h iy-~>&miPbm&GMmm. 

tpmmicj: s tpmmmtftmm m±ism^ 
<D±gBsm$&ticmta l ism/mmjmmrfK ft 

■otcm&. «^(cJ;S**©#±g^©M«f^^± 
IBfif377©±fB«^g{Cffl*p-r S 
[0013] ftfc, ^ffr^tr-^S^©fe^-? 
^3sl . J!i£^'5 f j-3 fn A > 6 ± SE 3*^1 " r • - ^ © fg 
ID, S»JI« *© MiMcaff J: S ftSSSg £ n 

jiff f~ zzis'jT jw-i? u)im% b , mskr > r ± ic 

TS C i ifiV ft Sfcfe© h U - - > ^ff #4 jiff r ~ f 

ic^mit? s^s i . jiff f >r s > vzum? s £ 

jiff f ^S»7 >rTiflh MUff ^ £ L T jiff T S 
jiff t> ^ , S fc.Sff iSB. «iSff ^%SS©7 > r 
tTSt TSfc&KSff f W 3 > , 

«ff l fc«^i^ic fc stir^snx-^> ^ff ^ 

3&»6 jiff SrStT > r ^ tc^SB 3 tifcjiff ff ^Utu 
TSfgi, SS7 > r^- Cc^gB 3 tifcjiff ff 7 

>j rmim s c £ -cRF^ftT 1 - f £ e^-r 

S^K£ . W^{tr- 5f tc?^ b r g 0 IJiE®II b rsff 

^zzn^WLtmLtczm^z^, 

[0014] ^^©^ft^iliciSftEigeji^xr 

AiCcttiB, jiff mmmweomm t &mtmgm.<D&m 
goratcipiffmi/r-rsc £K<£ ^ J:iaiiff^6± 
la^ftui ?! m »§£JiiB**^6±ia^ffssr 
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7 

sitsc tic j: d , -7)i?^z{mimtmmrj:mm 
Sottas -as £»{fs&gfi#u < &s-7ji,?/fxeffi 

[0015] 10 
f^tft3 ti/cr - 3f £3Ii!(©7 > ri- (M$)fc^lL. LTs 

i,s2,..,sMi^ieLTj*ff-rsj*fffii 0 1 *<>-3® 1 
ft # * tpmt a ass© «si £ ^«$t©n 2 ©i^g 

g3 01a-301b-301ci. *«3ft/d?SfHS-^ 20 

£«ifc©7>f-:?-(N*yc§fiu 

[00 16] ±iHffl#sl,s2,..,sltf*tf>i|II*3 0 la- 3 

0 1 b - 3 0 1 c©A-^7TK#-f?zl,z2,..,zLiL-r3f 
i6*lS. StatS 1 0 li*«3 0 la- 30 lb- 3 

0 1 cmofcmmmmtnm&tmF t?& 

i, «S3 0 la - 3 0 lb - 3 0 1 c-CBfi&flfcfi 

#zL,z2,..,zua (2) sao^cs (7) ©j^tca-r 

[0 0 1 7 ] z = Fs + v' - (7) 30 
tier, v'tt«iff3 01a-301b-301 cfti 
StlSJiW^T. «f|3 01 a-301b-301c 
■CBf ^tifcff #zl,z2, . . , zLK , ri yVr KJ: 0 Sfffi 
I^HilS3-S-C^e.SftS10 2j^i3nS. «S3 
01a-301b-301 ciSfffl 1 0 2 ©Pa1©£W 

mmmnn^&mm t?zt. sits 1 o 2 

ft L/cft-^xl,x2,..,xNK, (2) Si (7)£«fc!JS 
(8) ©<fc 5 K^TC 
[0018] 

x = Cz + v" = CFs + Gv' + v" •••(8) 40 

ccr, vK^ffni o 2T?s«3nssw*s-r. 

SMS 1 0 1 ■vm$tltcmsl,s2 , . . ,sW&. ( 8 ) 

ft-^xl,x2 , . . ,xN^6ilfiff ^fsl,s2 , . . ,sUfc3Zl£>&tcli> 
©ff ^JW^^a*©MM S E (Minimum MeanSquare Error) 
©SMI (Sampled Matrix Inverse^^ffiiS^ h C t K 

1 0 l-CM*©T>r^fC^*[J3tifcM-^?:a7cLfcs 

i', S 2',..,sm'^^S (9) {cfc-j-ofc&sctaiT?* 50 
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[0019] 
[«2] 

*>'-W'x ..-(9) 

(9) srf#en/ciiifr>r^M*©ff^si',s 
2 ■ , . . ,sm- o , h tc7~ % t,mh r m v itje 

[0 0 2 0] 04«*IPJ3t£j;5MI^S^rA£ffl 

SSbM4 0 8©ilffH 10 1b frb'gm S titer- ^ 
». 4«Ji40 7 a -40 7 b • 4 0 7 c©«^|30 
la-301b-301c 4gt, S»14 0 6 ©gff 
jg 1 0 2 a r-Sff 3ft. S«fH 0 6 ©$IJfflI^ff 5$IJffll 
Jf4 0 5ttjt6toS o 4 0 8©T^" , J^->'2> 

cct^r. wii4 o bicm^ntcT-fimMmim 

4 0 4*^-Lrfl6©^»^KjM6*T,-CSIS*tf 

Ilttfflff ffl 4 0 4 i -Y > * -* * r 4 0 2 £Jg 
it5fc&©y-h^x^gI4 0 3£/t-LT-Y>£- 
r4 0 2(C«^L, -Y>*-*^ r±©U--^4 0 

XftSCimS. tf— ^'4 0 1 ^6^Klffi4 0 8 

!-fgg403, #K)Mff «4 0 4 . tW^ 
Lr«ft!l^4 0 6Kg6h. §6tcailij^4 0B©iiff 
HI 0 1 a#>e>iiff Snfcr-^ti, «g407a- 
407b - 407c ©*«3 0 1 a • 3 0 1 b • 3 0 
1 c^lt, ^«J^4 0 8©§ffiil 0 2 bKcfcoTS 

w fc a - if jas^sa-c * S * 5 . 

[0 02 1 ] I5B, H4©^Sfijf iSttifr B 1©ft£Se 
0 8iliI4 0 6®rat 1 c^Hif 4 0 7 a, 4 0 7b,£ 

it s aft -o r ^ 5 tt«J^#W*ttM i p? * 

-5 ^ # i' -5 j5> ©fl^^tf ^ □ 

[0022] ±mm<Dm 1 ©*ait *a^4 o 6 *> 

tlfc/^n? Hf-^off^K^m^ (S/N) %ffl 

sets. ff^«swa* (s/n) ^wa^e^r^/c 

Sii^^©/Un y Kf^*WicA^^fc& 

[0023] ±M2m<om2<Dimiz. ±.mm^mn 
mt> (s/n) (DRtevic^mmxzm^iim&if 

[0 0 2 4] ±taWS©» 3 ©^jS«> Sftif 4 0 6* 
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ff^i vmmm^mmt^ < a s t mm btcw&it 

«i§^©«lE£'fT 9 %£&$>tf 6ft S„ 

[0 0 2 5] «P^te©WS#&3ftfcii£, «K)^4 

o 8 a* sum 4 o 6 ic^Lr tpma&m&zmirim 
mmmztiz, iiM4 0 6» 1 ±ie«h»^*£ 

Sfc L T O 5 t§£tc tt tftftjg i SttM K*f b T MP*1£6 10 

& n ^si am 4 s/c o r t > & ^ *§£ « . tpmmm^v 

SSKp-rS. «ttff^^WKofc|?ttji4 0 8 • 
t}«4 0 7 a • 4 0 7 b B, *8l»fl?Ji^r}&Se;5*l 
fc £ 3 > ^f- £ ©j*§ft£ff 5 . 
[0 0 2 6] 407a-407b-407c 
B, ftl40 8^S«lj4 0 6*6f-^*Stfl!§ 
£, 7 riCSW jA^^6pir^#r B 1ii5l$-fi:'Ci*if 
f&#S, ^»7rK9H)ii^f s -ir&Sft-i-' > t**>ir 20 
5fcj£fiTO&&fT5. i£jtffi£©#8cB, IW4 0 6 
6 JESSWK j£M 3h4;^a»h ^©SftS^iM 

si;, nib j: n &b § i >m^mim a o 6 a> h m >tt 

fcU, mm (»M4 0 8X»lt«4 0B) 

4 0 6#>6££ft L/fcff-^Data_D(l)^4JilM4 0 7 afc 
te^T^ffflS^fofcfe*, f»M40 8"MDjSfi4 30 

[oo27]§6 (a)M(b)B, *ft-eft*fEHi 

[0 0 2 8] SttJa£3p$©t§£ ( a ) 
«^4 0 7 a*3**tt#ffi4fcoa— tfJSS*Sa-C*S 
«M4 0 7 a©i^J;oTP©S«gjtc£m 
§2.3 (^>F*wt) Ci*i4D^. ^>F*--"«* 
ft 5 1KB. «jf4 0 7 aiSajf4 0 6 i©r H lr§IJfP 40 

fi-^Hbt] i o §tisfc&, sa^ 4 o exu^mmm 

ii^KB, at«4 o et>>hipm»±$:m.-rwmpffi 
m>ffi®mnzm'rz. cn^m-^tcmmA o 

8 • cf«4 0 7 a • 4 0 7 b tt, fltlRfilt 
#Wf4 0 8 iS*il4 0 BWCB&jHI&fT 3. 
[0 0 2 9] #»Jl£2P#©i#£ ( b ) 

«»{Wc, #»Ji4 0 8tcr«ffig£fti,\ « 
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ft^^Sitif 4 o 6 Ksgfrr*. ««£©?>?££ 

tt, S« 4 0 BtD;WP, hft#©fI#>ft8iW«fr 
(S/N) feKttMKfr&iWSU BHHJ£TRc&o 

fcti^fca*jf 4 o 6 t<D&ggmtfiMML&Mmmv 

B4<4-sfciLt «f#ih i WSr-T 5 . S fcgij©#?£ 
B, FV-^>m!l)>6E«lf^TlK SUM 4 

oe©^ -nay m-^6s/N£*&. 

fiHTfc ftofcittc «£Sf£ J: & < & 

B. «f¥lhg*£flWlJlj 4 0 8 *P6£ttffi£ £ «fj 
407a-407b- fflhWi 4 0 8 fcftLT «f#±£ 

[0 0 3 0] 07B*lfeHJCcJ:54ffSeS>'^rA©- 

^-f„ @7Ca)tt. ^ttii4 0 8^6S*ii4 0 6^© 

■C4>So LENBlword = 32b i t £ LfcBf©w 
ordSS^^L, MSGBfjflJWf-^OttSlJ^aL-, Op 
r •C'Wr^.gS§^#Kl^4 0 8 s6n6StfcJS4 0 8^ 

(r y~7yyt>) t £ (Di)\ mmm 4oe *> 6#»^4 o 

Num_M (HM) B, Sit^ 4 0 6 -Cfl! L 1 1> 6 
J: «3 At ftB«£ W^T S £ «f 

Num_L (in) te<pmmm&tti£!o^zw 

[0 0 3 1 ] mi (b) tt, S«6^4 0 6*>6^tt^4 
0 8 • «M4 07a-407b-407c ^.©^litil 
m&^©'l'«l!fJ^£ 'l>«^-v ^* - ^ ^fr^^D- v ^ - v 
y bTfo6 0 U I BimmmA 0 8 • «M4 0 7 a • 
4 0 7 b • 4 0 7 cg-<?© I D#-^£/jrf 0 DST • D 
LENiiltti4 0 Bfrhftthm 4 0 8^ (^^>U 
>9) Ccte^t, S*M4 0 6©iiff = >?£H9 
Ca){c^-TJ;^fcjH3£'rSfeor*5. UST-ULE 
NB»Ki^4 0 8*>6Sfl&^4 0 6#[^ (r^'J> 
^) tcfc^r, #S&Jf 4 0 8 ©j*ff ^ >f 3 > i?%M9 

(b) fc^-rj:5fcffl5&r5fe©r&5„ RXLB, * 
«)f 4 0 7 a • 40 7 b • 4 0 7 cicfe^r«TSr 
- f ©SffWS tcffl t, \ «r : - df ©^ff c ft <£ 
O/J^WftBWL&t,^ TX LB, «J140 7 a- 
407b - 407c tcfcl,>T«-f £r~£©Sffffl£ 

Mm^Cftj;f3/h$WftB*«L%^ 0 GA I N_K 
B, «jf 4 07a-407b-407c Kfc^TTO 

■r « r : - * ©sit fc^tLT, MS©Sft m^rsif 
•r-s^ssE-rsfe©-c*s 0 

[ 0 0 3 2 ] 0 7 ( c ) tt, ISSffl&miCistt 
WsA QQfrh&MWiA 0 8 • ^BMA 0 7 a • 4 0 7 b 
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^T. ^Mitmch^-C (si), SitM40 6^6 

mmi'?mm<Dffi®mm&mLK.w& ( s 2) . ji^ 
st#± • ^5^- if BBf&etf 

5 ( s 3 ) . «ttiUcg;|f Lfc»^B ( s 4) . « 
J f-$i&m?Zt (s5) . /tt7 7TK^-f *Bt») 
ii* . COf- £ £Sff T-<£ * £ 5 *Sft «e£*t 5 
(s6). SffW£073iSB, «r-f©§fim^^ 10 
«ttft^©«ff ^t?JI£ 3 tifcHffiR X L «fc 0 t> 

Am^, *>-3iW4 0 6 3&sssa«{c^<B-rs^v 

(s7), i;IStW©^C^T»«r~££«S 
( s 8 ) . Chtt, #iW14 0 8XB*«fH 0 6 

{c b « b & 1 > «t 1 » i «m 4 0 7 a -el* 1 tcfl m 
Wf -sf-ef § tifc # A 3 > ^-c^ ^ 7 t *> 6 7 s - % £ 20 

ommmm^btcm^ u 9) . -e©ft$£flj3iJL 

(slO), WS36i*«ff±OJ»^tt#tfi«t«*K»tf 

0. Ji^ws^^ (s 1 1) a^ft 

^^3>^£-©««l^^7^-5r^Hiff0r (s 1 
2) «tt?i£«£f#U ^ft§*«^©J#£B# 

[0 0 3 3] ®Qltt8ffltcJ:i>im&8ki'Z?-J*®— 

mmmctetf&^&tpm&muscDmgitzA s 

^"To S*M4 0 6^6^KlM4 0 8^ (#£>'J 30 

-cb, mmAoefimmmtmitbx^&^A 

jEbtcB S Tttl-}?titc$ A $yWWkm4: 0 6*>e> 

mmry^i-^mibtcmmmmmA ost-m i mo 
•tf 7 7° y -5r - ^> 3 > © r ' ~ # #s ^ s s ti r ^ § „ ms ft 

#B » «ftftf§/?;© MW1W LfcDLEN©g 

[0 0 3 4] «M4 0 7 a • 4 0 7 b BSW14 0 6 40 
tPhomtaimZ&fBTZ £ D L E N7£tf2B£3-efc* 
^ 5 >^'r|«4 0 8 {C*f LTSfif 5. #1PH 0 

8tb. »«4 o Qfrzmmsit bxm^ft^mm^ 

1, «jf4 o 7 a • 4 o i bmmx'&^tc^mm^ 

^fSCiiciOM IMOtcJ^Tgflr-f 

4 0 8#>6»ffiJf 4 0 6 7tT^ (7?7''J> 

-cB, a«4 o Gtfjmmmmb'c^&^Au 
y h m^zam t b r , «»fF j ^©fwwf #t?s^ 

L fc U S T tc W 1*ft fc * 5 > ^r*#»ii 4 0 8 #> 6 M 

mmmmmtiz. msmmm, 40 6-ca 50 
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mryTi-icmibtcm^MmmA ob-cmi mok 
[0035] mm ft **»mg^©$[jMf 

^b/cULEN©g§«|glLraff§nS„ «M4 0 
7 a -4 0 7 b B^S&M4 0 8 *>6©SH1 ft#*Sffr 

5 £ U L E N/i£ttS3£ S ^ -Y 3 > i/fliM 4 0 6 

KMLrSffrSo Sit^4 0 6rB, »tti4 0 8*> 

6Bgig£ LTSt^iiSffff^i. «if 4 0 7 a • 4 

0 7 bgtfrcJi^fcSfffi 5 C £ tcj; ^ M I 
MO K J: o TSff r - 5? ^ffiST . 

[ 0 0 3 6 ] 0 1 0 B*!PJi«: J:^i»>xrAt 
ffiffi$ti-5#tt^©-HW5«l©*lS^^-r^n ^ ^0 
-e*-S„ ^ttif4 0 8B, «Er B 1©«ff#^j*Sln 
-r-5fc*©SS©T>r^ 1001a - 1001b - 1 
OOlci, T>r^ 1001a - 1001b - 100 

1 c 7^©gfi ft -f-ic^-T-S 7 -r ;V^^1I£ r^- o ^'ff 

^ r> i> $ Mm ^ ltm%t 5A/D ^»I£ff 
t\ *o7>ft 1001a - 1001b - 1001c 

n s mm^> i o o 2 £ , mmm 1002*6 ©sft ft # 

K*f L*»^4 0 6 -Cffl»r>^^K^|B3nfcSmM 

mwtb. mmmm.mbr^itmm-c, & 
-ym&i 0 0 2^<Dmm^scMbrm*)iiiEmf*. 

ftlOOla - 1001b - 1001c -x^lSLSft 
^406Ta7cTtSfci5©hb"-">^ff-^ ; S:^Sfb 
■T-5t»S6*#i" ASP 1 0 0 6 £ . tf Ag|5 1 0 0 

6 * 6f#fcSftff #* &WfflHi#*«i ffi or Pfffitt^* 
litt^Cc^TSVn lajHIMffl^ **B#©^Sff 
5r -< 3 > ^'^$IJffl-r 5*IJ« 1 0 1 6 £ , |[Jf|Ig[S 1 0 1 

-t±r x t • - * (c^ni 7j o fc o , -?Airi mn>xmii 
frhoxt)\m*mmn<Dmmmt^mtbx*:Tj, 
i ooe icmrmmm 1021 tvm&ztiz. «t 

l>7~r 1001a - 1001b - 1001c X'gfgbtc 

M&iamtmuu 1002 iOo^x^mm 1 0 0 3 a • 

1 0 03 b • 1 0 0 3 ctCioTT^aasi 0 04 a- 1 
004b • 1004c tCM^ni,. -gffgE 1 0 0 4 a 
• 1004b - 1004c tii, SMM^(c*f ^ 

tn^f^f^f ;Kf^tc^ (A/D^ft) Lr* 
r Agp 1 0 0 6 fCfg-T 0 *r Agp 1 0 0 6 T*B, Sffff 
l 0 0 7 tc J: ot, Sffi^'-Y a » hfs-f- 

£S»)fff^(c^ii$ns 0 s»ifs?i^-Y 3>^- 
i o 0 8tu mmm^Av-y hmmmwax-rz 
c £ -vsu u v ^ ^ tir i» s ^ 5 > 

■T^CiJ&i-CSS. «W£[@1SS1 0 0 9-UB, «tt 
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N) ©HffitM& b < tt^JlM#©£»ffi8i5eiS* 

it$&LTW5&rS:£&#*tf6ftS. «ffiE@SSl 0 

0 9 J; 0 «PJteXB«#lh© F U ii/iJIfflfS 

« i o 1 6©^*n f a)immm 1019 fcajosft. 

S»^4 0 8*>6afflJ14 0 6 K*fLr«|§te^X 
B«ft±^*©tlJMf^SfiS*iS„ Sflgl 0 2 
TB, **Mf^©§fffi-^xl,x2, . . ,xN*>6M I MO 
{C«fc oTStteOjlff ff-Efsl' ,s2 ' , . . .sM'^l+iTTSM 
IMOffiPSl 0 1 Oi, Site©^ftff^^^*t7U^ 
>- y T;H£g| 0 TfHf ft? 5 - * JCRT P/ S 1 0 

1 li, mHt j f-2t l ctt-rzmmsE*fit,>@m9m 

f SRi3 8TEa#Sl 0 1 2i£$t?„ ffl#3ftfc£m 

r-£B, fw«i 0 1 eom-^^nti 0 1 8-c. mm 
£BSi 0 1 gccriifSSBcc^g&T'o f 

^g&tCiftg&MffilM^i L-CffifflSti, a»H4 0 6 

i o 2 o i bxm-z ti6 a a s > yunap 1 

0 i 7 -cb. wifei,,)^ * -f • : y-F---;- i o o 8 

m i> fcA a o ^ f # -y s > * i tpuaiifpjg^f 1 - * 

1 0 2 0 TJUEiStlSjg&fi* -f 3 > ^*j£K, M I M 

oaws ioio % -< s > ^ft-sf ( wt*- 

F : MODE, ifi@?S : D R_E N, ^fffiMiS : RP_E 
N) £, MIM03EMS1 0 1 3Kii&Sa:jr^5>^ 
# (SSM'f*-^!' : TX_E N ) £4)Sir£ 0 
[0 0 3 7] ilfSSB 1021 T*B, ft^SI 1 0 1 8 
P>nhtltcT-$%^-Tyi> 1 0 2 3fCiSTi. 

BW^?f-^t;5ftfcr-*£^Atitf>l 0 24©O 

2 4fr6*h^#&£*£iIi;TtH;*j3*i£. £fc. v-f 
9 & i**»6.ai 0 iiS ftfcr- £ B^SBAffi* 1 0 244 
^YLT, a-rvf 1 0 2 3{CJ^r#^r^b©MiI 
#>&3ti5. ^SltPJSSl 0 2 2 TB, -7"C3 F3Jl*lI 
$13 1 0 1 9^6©flJWf-^i3-r ^ ^ 1 0 2 3#>6© 

fciSffr-f B, SffSl 0 1 CCgSfiS. 
[0 0 3 8] SMS 1 0 1 TB, ifiBTHiS 1 0 1 
5 ic J: -3 tl 0 ITIE©fc*(c%4jHf ^©-fctfcff-^t^ 
-*fcgft0. S/PSfftSl 0 14K<fc-?TJ"J7A 

^ is)i$®&zc tic j: <o mmommr y^mm 

f-f^SU MI MO^liS 1 0 1 3thU-i> 
^ff^Sffr-^K^fiftLr, fttSftil 0 0 2©,i 
MSB 1 0 0 5 a- 1005b - 1005c JCr- 
So SffgP 1005a - 1005b - 1005c "CB, 

S^ifflii^v^^^a^ff-o-CftfflSl 0 0 3 a • 1 
0 0 3 b • 1 0 0 3 c^Lt7>rtl 0 0 1 a • 1 
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0 0 1 b • 1 0 0 1 c a>6Sftr-££jteSfi-St£ 
SffTS, HI lttgfi&Jf 4 0 8CC*sW5j£gM*-f 5 
0 1 7©£-Y S^H^T- 01 1 (a) 
B, #«B^CfcW§ttff^Lrfc(3, 1W4 0 6 

***-F (MODE) B. #«£iTfn~UKj[,r 
BSUtti&S. SfflM4 0 6*>6©ilgiS ( D R_E 
N) B. /'i-fos ^§©^0-^^4 6? 

m&mfmomsv^-iu^ntntit^^o «H4 0 

10 7a-407b-407c ^6©P s lffi^T*5«M?£ 
(R P_E N) ttn-U'MbHStftti&S. Sttif4 
0 8©3Ht3f-f 3>f (TX_E N) B, /-«^n» Kf 

^m^tteZ, mil (b) B. *»©ttfF4SLr 
«*^F (MODE) B, fld^WK 
^■CHSffi^i&S. «ft^4 0 6A>6OitS?fi (DR 

_en) b, >uvv vim^wmtLx^wmm^ 

f-f 1 0 2 0 TtDE^tifcD S T-fiifc* -Y 3 
6, [bJD < «»m^r-* 1 0 2 0 rfflSStifcD 
20 LENOftSISTVW ^^ffl^i&S. ^©DLEN 

[0 03 9 ] «407 a - 407b - 407c 
©IfflSSfi-C* S tftKftft ( R P_E N ) B, filB D R_E 
N*s D L E N©ft3 D - U^JL- £ & ~> S KHt?^ >f 

#KlM4 0 8©j§fif£ -Y 3 >^ (TX_E N) B> 
30 fftg^cr-^l 0 2 0tM$n/£ULEN©ft$$T? 

*©amd? Fft#©iE:ras r^-Tu^i 

[ 0 0 4 0 ] HI 2 immm CC*iWSM I MOHPS 1 
0 1 0 £ P/S»H 10 11 ^0 
t?*S. HI 2B^ttMCC^^r*^r$ ) 5^ i situ 

©m i Mojins, p/s^sssfeiiii;«^-c*5. w 

itStifcSififff-EI-B, M I MOaiSUl 0 1 0©lu^ 
40 fflg|51216a-1216b-1216c ^S6tiS„ 
luMIISP 1216a • 1216b • 1216c ©«JSS 
O'WFBISJDrS.So cp»KBr-7;U?7V^-9-l 2 
17, ;<»7rl218, JJUffS 1219 rjfflShfc 

a«^M^*ia5?si 2 2 orajRSii. #«b#kb 

«H^t^36JBS?3ftS,, &*5. rV;b?7V^tfl2 
17, Aj7t 12 18, JtfflLgl 2 1 9©f#BJ%ttff 
K-ot^-Ctt^ffi-rS,, rv;V?7Vi'-y-l 2 2 1-^316 
nfcff^B, 1 2 2 It? F 

50 Ftf-»g|5 12 12a- 1212b- 1 2 1 2 c K. r 



15 

~-%Um\MW$b \ 211a - 1211b' 1211c 

ccj#e.tis„ -t vtmm 1212a tmmwm 1 

2 1 laiccj;?], Sli©j*ff7>r:^e>j*fiSftfc 
r-^cDliMis'i^^S^I^fctiSo fx^h 

tresis 1 212am sii©^ff7>r^jy?f©3ff 

7 > r ^ #> h mm 3 ft /c)S5H: fe&t h fcfe©S&W 1 
1, W2 1, W3 1 *!gLffi3ftS„ C©S#£$fl3L 

r. mmwmi 2 1 1 arttwae^tf^ft. sn© 

7 > r ^ 6^{f 3 ft fcr- * ©Sffiffis ' l^Uffl $ ft 

5. ihi«k, ^ r itegp 1212b, mmmm 1 1 

2 1 lMc£Qm2®maT>?1'1>>t>im3tl1t J f~ 

jKDWfe&s^ifi, w mmm 1212c. mm 

mil 2 1 lcKj;f3l|3©SfiT>r^^6©jlfir 

[0 04 1] ftStts'l, s'2, s'3«, W$m 2 1 5 
a - 1215b • 1215 cTfllK^ft, P/S^ft£* 

R„-e|x"x'J 
r«-E|**lJ 



?B*BIS 1 2 1 
[0 04 3] 



la - 121 lb • 1211 clCfcltT, 
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* 1 0 1 1 ccT^yy^-^t^sssft, noiTiEffl-^ 

HI 0 1 2^S6ftS„ htWSBl 2 12a- 1 

212b ■ 1212c, affi^*a5 12 11a- 121 

i b • 1 2 1 1 c <DmMic-D^rmw?6, ^wnt 
nm 1 2 1 2 a 1211 ar«, sr 1 ©s 

fi7>f-^6©ft#£#SiS£&&u 3n©Kfi7 
> t- -rim ©aft r > r ^ *> 6 ©fi#*^^?g £ # & 

STJl/a >J XA£SUBTS C £ (c J: *) , H 1 ©Sff 7 > 

f ^ *> e (omn mm s ft s . ffiosft 7 > r ^ *> e. © 

©^tc-^^rfelsjtto^SrJfESftS. fcifcti. M 

MS E (Minimum Mean Square Error^Cfctf 5 S M I (Sa 
mpied Matrix Inverse)a£f£ffif &*§^«:, ^-fl 
WfM 1212a - 1212b - 1212c (Cfc^T , 

[0042] 

[«3] 

-(1 0) 
-(1 1) 
-(1 2) 

«5*fH(fr4£:ir, JtSEtts'l, s'2, s'3 £jJ<&5c:£ 

[0 04 4] 
[«5] 



-(13) 385 

* # i © §ft 7- > x ?-g fi * c nr s 9Lmw> 



«^tcte^S, rvA-^'u^l 2 1 7, /<-;7t 
12 18, flng&l 2 1 QOtt^KotirlftlB-rS. X 
iiifff^rV;l.^^u^tM 2 1 7(CT, Slifj©7 

». /<»7t121 8ic-BfBtt§ft-£.C£icJ;DS9 
©DLEN^©S5^;W6ft, M¥^l 2 1 gfCTtp 
«Sff-Sf£ttW3ft&. C©ii5i£»0#©ffltcj;f), 
*«f© 7 > T-TiP 6 iSg 3 ft fcff #361 , # «B# ©fi 

«g £ *»©£«§£ ^ l tc&m^&Si l . @» 



a. ^mm^h^-7)i^immmimm^<. cat 

KB, «^S ; £fTfo&^^£9ffi£ftorLS0 0 

co«t5&«^{cB. to^i 2 1 9%n&mim& 
tcmmL. mmmm n t ^wmmottmm® t u & 

[ 0 0 4 5 ] 0 1 3 tt#»Jf KfcWS S/PSf^ 1 0 
1 4 £M I MO^fllg 10 13 O^Rg^-r T'd y i>M 

s/pmm, MiMosnsfei§ii;nM-c*s. »fp 
neeK^^-csiwrs. n^iriE^si o 1 



ffc3ftfc?*-*B, S/P»l 0 22-Citffr>^ 
^ft©*!©-"" ^ U ^ 7 1 - * fc£BS 3 tl § . h U - - > 

**ff ^isas 1303m #j*ft r > t- * * e. ma 3 
nfcr-^^ffiutcfc^-r^si-rsfca, mj\ fill 

^Ui'+M 3 0 2tCTBS#l»£S3ftS. B^fiJB. T 
X_EN{f^©Tl*;±*0£a«£LT, &6*D<&$ 

tifcff-^B, aiSH 1 3 0 4tW<-X/0 FfPts 
1, s2, s3icSil3n, te^gpi 0 0 2£gT. T>r 

^^ejift sns. f \s~~yvmn%.tfx,u\ 3 o 3t 
fi3ti£Fu~~> wi©ibj « , mmvfim. > t 

SfcabfcB, I- u-~>^{f^©gBWM»*r;l^ 

[0 04 6] H 1 4 BWtWEEI&g 1 0 0 9 ©fltoRfcij* 
f:/0 ? tfJ««£BB& 1 00 9IJ, 

tf 5*fT*>&t,>**«5E*siairc*s. hi 4Ktt. 

SiS/NK«t S £ , aft B&gMK: J: £ WE© 2 « 
ffl©Hii«£ 1 o©0Kmt. ii^Sg 1 4 0 7 B, £ % 
6^-^OHJSW(3&JjMR34i4Ci%««-rS. SI*. 
SffS/NKJ;SM^-CB, Sai>fc»^Cfctt£§ 

ffs/Nts, v ? ^ ^easatssos© s / n <t u t># 

Sff S/NilJ^gn 4 0 3-CiJ^L,fcSff S/Ni, 4 
6*tJ&&&T*SS/N©Hffi£#s > ittSSl 40 5 
t?tfc« 3 tl § . SH S / N ©77 ** * t K ttJtJRS 
1 405*6 r«|i^j #ffi;fr3ttTR_EN*W * 
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* U-vrl/i&fK §fIS/N©7j*VJ>3Uii£-fCB r^ffi 

[0047] iKtc, amKSfitcfcsfl^rB, mao 
«s«cc*sw saft w&w& . \mim<D 

& 0 * h u - - > Wia* b u~ - > ^ft##«l 

Si 4 0 i Tanas tis. c<DY\s-~yi?\m*m^ 
t. G»?g«SE§P 1 4 0 2 ccr. Site iSttii©P H 1© 
io fifMf?iJ^*^3tiS = eWJtECcB, fci^. 

^ttafg. pp47-48, ^-J^&MSM. ISBN4-2 74-0786 

i-2)^ffi^3tis 0 ewtf^jH isft s/n^m^x 
mimmmsmm 1 4 0 4 T^wtftfcw saff&ss 

««£3tiS 0 ftffiL/caifSSgSi, WftfeT* 

safi&g*©wtt£*sj£*$st 1 4 0 e-cittssn. m 

}£j *ffi#3ftTR_EN*/Wl^;l><!:&S3 1 JSJgffi 
©75*'A^l^ictt rtfuKffjhj *£Lyj3ftTR_E 
20 N#0— l^Jl/i&S, 

[0 048] affSS§Slt#ai5 1 4 0 4©i$tfflK~3t,>T 

KW-ra. m i MOKtett^affssgscB, 

[0 04 9] 

[«e] 



-(1 4) 



T&fc&^ftSCF.R.Farrokhiffi, Fink-Optimal Space- 
Time Processing with Multiple Transmit and Receive 
Antennas, IEEE COMMUNICATIONS FETTERS, V0F.5, NO. 
3 March 2001)„ OCT, WCTjkt £ fc 0 /E*3 S„ 
[0 0 5 0] 
[«7] 



(•)*tta*itist**aiftt- a. 



gms/ntim.L-tc&immzm^x ( 1 4) 

[ 0 0 5 1 ] 0 1 5 B^£iH{c«tSip«^©-||fB^]B 
©fll^^'T^n^i'H'C**. «if4 0 7a«, * 
^Kr H 1©ftMf^SSfi-r^fc&©7>r^ 15 0 1 
i7>r^l 5 0 lfrh<D%mm^K.1tt§rZ>-y 4 

mtr*v #mmj> hT^vz jimn Kgfft-r s a/ d 

SfMM£tfO\ i>-57>ft 1 5 0 1 ^©j^f (PltC 

^btf^y^ ;wt#*> 67to ifrnmczmr s d / 

J I WII i 7 ^ ^ »I • S7J±PS 4ff 5 1 5 



0 2 i , tenlsP 1 5 0 2 * b©3fF;fg 7 t K i 

DjA^\ )?T£ffr H i3i5i3-aTtfJ«tT5«^4W 

Qtn&m&nL-z&mmmm. ^nmmi o o 

2 ^©SHsM-^Kjiif L r H D ITIE*ff i S «fc 5 KJtSS 
1 5 0 6i, tf ASP 1 5 0 6 * 6f#fcSff ft -Sf* 

waiasi 5i7i, $[j«i 5 1 7-cs»fcSMM^* 



(11) 
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fj b fc o , v -f * a £ ^awtj* e. ©A^jft ©iffli 
gpotiJWf-^i^fiitL'r^rAgn 5 0 6 tca-rsis 

SB 1 5 2 6 t-vm&Zti*. 

[0 0 5 2] C Ct, «^4 0 7 B, «T3ff-5|JW 
9Hc h «JI 4 0 7 # jggffr S Sflffllff r - * £^ 
fitUlItSSilift^WS. fc*s. «S4 
OTafCfcW^, Sifc7>r^£WLMIM0SllIi 
MIMO^iB^f J 5Sgf*- 3 t:«>J:H. t©*»f?jT* 
B. «H(CfcOTBMIMOKJ;^®I?:tft>^^FJ 10 
£^LTfcf3 . «Jft£#T£fMMf^BM I MOSPI 
# *> ^ 6 ft I, «ft-Sf T jiff 3 ft 5 h © i -f S „ JfclTK 
ff^OSftK^T&^n ? *£i¥ffl&aSMrrS. T> 
ft 1 5 0 1 V^iBbtcMUismmUM 1 5 0 2 ©ft 
EH1 5 0 3£/M,T§ffg|il 5 0 4KSSS*lS. Sff 
§13 1 5 0 4ttt, &mSmzttLX7 a >lf «ffli*tTl,» 
^-^■O FffWI^ic^U T^a^f^r 
i?^;Ht#KS» t/C^ABBl 5 0 6 

tcjg-r. -t-f Agq 1 5 0 6 r«, §ff ff-st Bfff #18 1 

5 0 7K±^t, Itt^VB, hff-SfijlffMff^K 20 

-y--^ i 5 1 2m au&j^w m# 

[0 0 5 3] jiff Mff ^B*« 3 0 1 * 7 r K i 

twgpi 5 1 7<om*4$y#imm>e> 

fc&flS&ff-r*-:/* (RX_EN) ijlff-f*-:/ 
;V ( TX_E N ) , #«W£l 5 2 2j&»6fc6ft**« 
(TR_EN) K^oT^liL/r^ff-r-S^ 

^ 5 yfz&mu mimmnm i525*6#6ti 

^fcfeic, ft##*i 5 0 7r#«£*ifci£ffMfi# 
b, ffipni 5 0 %xm$\m*^mirmmi&w^ 

L\ »9tTlE»§Si 5 1 5ic-c»*)iriE;HTi>«#*k 
II£ ITSif- $ Sffr- £B, fW« 1 5 

1 7©ff^«i 5 1 8t?siJS5Hs#ia-ifrt/';^- 

sui 5 2 1 vnmmmwis-tryz^mnvrpmm't 
m^ommmzmm-f s „ «ftff^©»fi-^ 

B. «iM^f-f 1 5 2 3 ilti^.6n5„ 
[0 0 5 4] m^ilJffigE 1513 TB, Sffijf^V H 5 40 

Mf^©^ffil*£?SiJ£U JtSHBl 5 1 9ttittff 
?§^r-£ 1 5 2 3©iffSTXLJ;t3AtttftB«£ 

5 2 2T?«5E3*iS. flfcttH^api 5 1 4TB 

3ffliff^©^ffll^£PJ3iU ifcgjgl 5 2 0f« 
S&ffti^T 5 -* 1 5 2 3©BlfiIRXLJ;0A#tfftB* 

mm>. : ft^J^icWffi 

5E 1 5 2 2 rWjeStlS. jiff S^lt#gP 1 52 5tt, 

«*iW5Eaji 5 1 4<otmmm^o>smmj3icMb-c, 
tpmmm^'f- $ 1 5 2 3 ©g a i N.KfgDtfrc 50 



[0 0 5 5] atSSP 1 5 2 6 TB, ft #^Bt 15 1 8 "C 

^BfLfcr-^Bn-f ^i' l 5 2 8£/r-t,rfl-Sl5Atti 

3&>6©#^A*m#B. fl-SBAffilfcJ 1 5 2 9 &m&LX 
3-f?fl5Z8 rt«g«^lt»I^ft§ti, 
ftSSS 1 5 2 7 r^'u h a jMBJJISB 15 2 1 #>6©*||fflJ 
ff^ia-ry ? 1 5 2 8 #>*3©r~ £#^Sff:3ft* 
rAgp 1 5 0 6 ©i^lTI^is 15 16 fcM§ft£„ 
[0 0 5 6] i^tTIEW^ig 1516 TB, MOITiE^ 

1 5 1 ifc£^zfm5miT&&&^fc$mim& : r 
^m\m^ \ 5 1 otii, «^3 o i^e©« 

<b. £1S3&1 5 1 l*>60gH{f^4^fiffcL 

r , mum 1502 ©smas 1505 ic?g-r 0 mmm 1 

5 0 5TB, f^£;l/ffS|£7:f P^ff-St&C^& ( D / 

Am%) l. mMmst? <)iitmm%n~>xitm%5i 

5 0 3%ftLX7>T-t 15 0 1 ^6Sfff-""^?rteS 

m^tbxmmtz. 

[0 0 5 7] tfifJIiJ, M I MOaff73S©«fflSSi 

L^-r^^cM 1 Moait^-t?fti«aff tea 
fflf4jna83sa<iBiJ4fe-3ie»s*i bxmf&bx$>£ 

[0 05 8] 01 6B«4 0 7KW5*B3 0 
1 ©AtftfJ * s > ifinmt 5 fcfe© 3r ^ 5 > i^Bir 
$)^„ COEKCfc^TB, SKb^4 0 6^6#tt^4 0 

jiff f >T 5 >^'ft#gP 1 5 2 4iCte^r§ff -r*-^ 
(RX_EN) tt, affl^4 0 6&%ffiffjiCi£M?Z>rt 

juvVim<Dmm%:-9—?isi2x$itiib. cmc 

%bXtmW&&fi?-* 1 5 2 3«SnfcD S T 

-rnfc $n tpmnm^?- % 1 5 2 3 t?*s 

StSttfcDLENOg^WU-^ffl^ifrfh M< D 
LEN©gSn-u-^;l/tB^iiftS D ^Wc? Mf 

EN) B. 9(i^*-^Jb (RX_E N) ic^LTDL 
E NS^ft: ^ -f 5 > ^T' D L E N ©S £ X ^ -i £ 
u-ls^fr&mQM?. «S3 0 1 KA^Snfcff-^ 
B. Sff-f*-^ ( RX_E N ) WOlBitKD 
5 J 5 > ^Tv^ j7TKi9a. Sff ^ * -^;u ( T 
X_EN) iiff[IB©««7E 1 5 2 2iCj;^-Cff6nS 
tffll^*-^ (TR_E N) iJ^^U^I/Oi&CC. 
^* j7 T *6f-WBlL T Sff f S o 

[ 0 0 5 9 ] m 1 7 fccfcfMHK <£ &mm<D~mMW<D 

M^t^O 9 ^g|t:'*So SiftJi4 0 6 B, ftEfSE 
lfflOM8m#*SSS^1"Sfc»0«ROT>f'^ l 7 0 
la - l 7 0 1 b • 1 7 0 1 c <fc, 7>Ti- 17 0 1a 
• 1 7 0 1 b • 1 7 0 1 c*>60a<B^#K:*rrS7 ^ 



(12) 
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A/D^j5Bi^f^, ;5^T>ft 1 7 0 1 a • 1 7 

oib- 1701 c^omimmcttb-CT-i vzMt 

»l • S^ifrfl^tf 3ftft3P 1 7 0 2 i, MgSGl 7 

0 2^6©§{ffi-^fc#u Sttif 4 o 8rat5:r>7- 

§ ntcmmm n^Wz l . m o i j mi?* l 
r^fffi-^^f#r, fr-ommm 1 7 0 2^©Mfti-sifc 

*f L, T|£ 13 ITiE^tf A h i. fc 7LgS£tf »T£ftHti t 
&M£itO, Ii7>ft 1701a - 1701b - 1 10 

U-->i^££fi{fcU #»^4 0 8 ttmm4 0 
7a - 4 0 7 b - 4 0 7 c #«fg* -f 5 > & 
0«/MOs Fff^JS^T 5*rAgpi 7 0 6 

i, *rAgpi 7 o efrh&ft&fsmmphuwmnz 
M&bxnmm^tpmmmcm-r&yv f ajimw^'n 
i\ ^mm<DW%.m%j^^vmm-$m\mm 1 7 1 

2i, $IJW1 7 1 2^6§WfcSftft^?r»m4 0 
5iC?SLfcD, «J^4 0 5^6©fi^ia«H4 0 6 
;fr.6#S£-f 5{f^£^fiftDT*irAgM 7 0 6KM-T 20 
fc&©ffiH I F 1 7 1 7 £-Cflfc83*l£. OTfcfS^f© 

[0 0 6 0] 7>f^ 1701a - 1701b - 170 

1 ct?g#tfc^ff^«M^ 1 7 0 2©itfflHl 7 
03a - 1703b - 1703 c £/r DTSff SB 1 7 0 
4a - 1704b - 170 4 cfcjgSft-S,, SffgPl 7 
04a - 1704b • 1704c Ttt. Sfffl^K^L 
t7 ^^^M^fl^-X^O FftWI^tSfc^fJl 

u Ti-vm^i'vzb&m&tsi. (a/d^) 

Ittf AgR 1 7 0 6 fcST „ ^f 1 ' Ag|5 1 7 0 6 "CB, 30 
Sffff^BDEMUX 1 7 0 7tcJcor, ^t&MM'Jfc^ 
SfOTSSffSl 0 2a- 10 2 bfcfJgf)5W3„ SS: 
ft H 1 0 2 a • 10 2b T?B, M I MOfglHg 1010 

a • i o i o bccior^tt^r^sr^f-^tc^ieo 

#£P/S^&&1 0 1 1 a • 1 0 1 1 bfcJ^-CFHi 
itr~£fcMU &<5fTiE«#&l 7 0 9 a • 1 7 0 9 
b fc j; -3 T 8F#f tr : - H fc *f T & 9 ITiE 4 It 5 W$%l 
II^ttLT^ffr-^fifS. §ffr-f B»fRl 7 
1 2ic?g§n. ff^Stl 7 1 4{c«t-5t:*lltStfa^ia 40 

— if r 7' - ^ a >of- * fc^st § n s . fijMi^f 
B. F ajF&MSP 17 15 fcr»ton, Pfg^* 

■f-* 17 16a- 171 6 bfcffiff 0, CCt'Sil 
fc$U (DST-DLEN-UST- 
U L E N ) 3 > iff-JfSP 17 13a- 

17 13b "CM I MOaiH^ 1010a - 1010b fc 
iBgfc f 3 > ( F : MO D E , jt« 

ig: DR_EN, «JS$: RP_EN) iM I MOSH 50 
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hi o 1 3 bccjisa*^ 5>^m# (^ff-f*-?* 

TX_E N ) £^£tT5 0 ff^Btl 7 UT»t 

F 1 7 1 7-C'MUX 1 7 2 0 T^fiftSftfMfPg 4 0 5 
fc3fi3n& D ifc. MW4 0 5^6^ffLfcr~£ 
ty'u 7 1 SJ&JfffiOfcflMI-^^S 

itm%l 7 1 9r^SitLT^6DEMUX 1 7 1 8T 

a.— tfaiscsds i o i a • i o i btc^e-rs. 

[0 0 6 1] Sffgl 0 1a- 101 btB, i^^iTIE 
ft^H 17 10a- 1710b rSff -f-f »»M4 
0 8 rUDITEMf AS J: 5 fcftgffifctf JnLfci^b 
f'-^KSftL. «^b^-f 4S/PSBSSS1 0 1 4 
a • 10 14bt'->'J vn&mrZZ i fc «t 

rmmm4 0 6 ©as^T>r^ l I 0 1 a • 1 1 0 1 b 

• 1 7 0 1 c^©gffilf^fc^|EL, M I MO^Hfl 1 

0 13a- 101 3 bfcJ:or#StiJf 40 8 "CM I MO 

omififf*. sj:^fcFU"^> wmzmu-r s . 

ISlOla- 10 1 bOMf-fi'^n? F^fefiS 
g|51 7 1 1 f«lfcA-fC7 Kf^MUX 17 0 8 
•C^fifLL-C, 1 7 0 2 ©#Sffg|5 1 7 0 5 a- 

1705b - 1705c KSSM^-if 4itr. 
[0 0 6 2] jiffgP 1 7 0 5 a • 1 7 0 5 b • 1705 
cTIt ^ff f 1 ' - # * 7 s ^ ^ # ^m#*> 67tn ^ff # 

fflgl 7 0 3 a- 1703b - 1 7 0 3 c*^OT7> 
ft 1 7 O 1 a • 1701b - 1701c ^6jSff r- 

{IS 1 0 2 a - 10 2b ©M 1 MO'lSM^s 1010a- 

1 o i o bttHi z-cumbfcm^tm-vnb^. mm 

1101a ■ lOlbOMI M O^flDH 10 13a- 1 

oi3bs, m \ 3vmwb?cmf&tmcv&&„ mi 

5 > ^lf»gp©iifP!5iB^©fc&© * -i 5 > ^Eir *5„ 
I18(a)ii, #*Kt^cc*iW5«|fpi£^0r^5„ * 
«t*-K (MODE) it ^Wit^afn-u^^rEI 
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